Introduction
Gender differences in the willingness to compete are believed to have a profound impact on labor market outcomes and may help explain the paucity of women in senior management positions (Niederle, Segal, & Vesterlund, 2013) . Disparities in labor market outcomes persist even in the face of female educational gains and greater government guarantees against gender discrimination (Goldin, Katz, & Kuziemko, 2006) . Other factors-such as gender differences in communication and negotiation styles, maternity leave and the consequent beliefs about labor-force attachment, and gender discrimination-surely also help explain occupational segregation and the gender wage gap.
In their seminal paper, Niederle and Vesterlund (NV) (2007) show that, in a real-effort summation task, men are more willing to compete than women; i.e., men are more likely than women to choose to be paid according to a winner-take-all tournament (WTA) as opposed to a piece-rate payment scheme (PR). NV explore various explanations for the gender difference in willingness to compete, specifically, gender-variant overconfidence, risk preference, feedback aversion (aversion to information about performance relative to others), and preference for competition. To be clear, there is an important distinction between the gender difference in willingness to compete and preference for competition. For example, a gender difference in willingness to compete, if fully explained by overconfidence would suggest no gender difference in the preference for competition.
An important question is whether NV's experiment revealed a novel, heretofore, unidentified preference, the preference for competition, and a gender difference in it; or whether their finding is an artifact of previously known gender differences. If the former is true, NV's contribution is fundamental, deepening our understanding of preferences, gender, and decision-making. Moreover, knowing whether it is a novel preference helps shape policy responses to ameliorate the disparities that arise from gender differences in willingness to compete. NV conclude that there is a gender difference in the preference for competition, and that it is explained by gender differences in the "thrill or fear of performing in a competitive environment" (italics added).
While NV provide strong evidence that gender-variant overconfidence (not risk preferences or feedback aversion) is an important determinant of the gender difference in willingness to compete, the evidence regarding performing in a competitive environment requires further investigation. In this paper we carefully examine the importance of performing by comparing willingness to compete in tasks with and without agency. Specifically, we create a new task that eliminates performance altogether, which we call the task without agency. We find evidence that performing in a competition is sufficient, but may not be necessary, to observe gender-variant preferences for competition. This is important for several reasons. First, if performance is sufficient to generate gender-variant preferences for competition, then our research informs the structure of the utility function, with performance as a determinant of the preference for competition. Further, if overconfidence, but not performance, were sufficient, then gender-variant willingness to compete could be eliminated by correcting individuals' beliefs with information about their relative performance. If performance is necessary, then adequately routinizing jobs (i.e., eliminating idiosyncratic performance) should eliminate the gender difference in the preference for competition. If performance is not necessary, then, in the absence of performance, other factors-e.g., noise, social preferences, and preferences over the pay structure itself-must drive the gender gap in the preference for competition. For example, women may be less willing to be hedge fund managers, not only because they fear performing in a competitive environment, but also because the fund's returns, and hence their pay, are determined by forces outside of their control.
Background and theoretical framework
NV attempt to identify the gender difference in the preference for competition by demonstrating that the three other plausible explanations in their theoretical model-overconfidence, risk preferences, and feedback aversion-do not fully explain the gender difference in willingness to compete. The residual gender gap in willingness to compete (controlling for overconfidence, risk preferences, and feedback aversion) is theorized to be the result of variant preferences for competition. Moreover, they equate the preference for competition with the "thrill or fear of performing in a competitive environment" (italics added). Below, we review NV's empirical approach. Then we present weaknesses in their identification strategy and theoretical model that our paper will attempt to address.
NV's identification strategy unfolds as follows. First, they demonstrate that men and women perform equally well in the summation task, ruling out that differences in actual performance drive the gender gap in willingness to compete. They then control for beliefs about performance in their regression analysis, as the choice to compete is made before performing (ex ante). While willingness to compete increases in beliefs about performance, and men are more overconfident than women, a significant, albeit smaller, residual gender gap remains. From these results, NV conclude that male overconfidence explains a portion of the gender difference in the willingness to compete. Next, NV examine subjects' willingness to compete when the choice to compete is made after the task is completed (ex post), as opposed to ex ante. They argue that the salient difference between ex ante and ex post choices is whether one performs subsequent to choosing to compete, since risk and feedback are present in both choices. They find that the residual gender gap is insignificant with ex post choices and that a significant residual gender gap remains with ex ante choices controlling for ex post choices. They conclude that the gender-variant preference for competition, i.e., the residual gender gap with ex ante choices, is the result of neither risk preferences nor feedback aversion, but rather gender-variant feelings about performing in a competitive environment. NV (2007) inspired a series of laboratory experiments that test the robustness and limits of their finding. Thorough reviews of this research can be found in NV (2011) and Niederle (forthcoming). In NV (2011), the authors organize the studies by the residual-gender-gap explanation tested in the research; two of the explanations are included in the NV (2007) theoretical model (beliefs and risk preferences) and one is new (other-regarding preferences). We organize our discussion of the literature by these residualgender-gap explanations.
To examine the role of beliefs, many studies have followed the NV (2007) methodology of eliciting and controlling for self-reported rank. The result-that gender-variant beliefs explain some but not all of the gender gap in willingness-to-compete-is replicated in most studies (e.g., Almås et al., 2014; Balafoutas, Kerschbamer & Sutter, 2012; Buser, Niederle, & Oosterbeek, 2014; Dargnies, 2012; Grosse & Riener, 2010; Healy & Pate, 2011; Ifcher & Zarghamee (IZ) , forthcoming; Kamas & Preston, 2012; Niederle, Segal, & Vesterlund, 2013; Shurchkov, 2012; Sutter & Glätzle-Rützler, 2015; and Wozniak, Harbaugh & Mayr, 2014) . A few studies, however, find that beliefs explain all of the gender gap (Cadsby, Servátka, & Song, 2013; Dreber, van Essen, & Ranehill, 2014; and Kamas & Preston, 2009) . Researchers have also manipulated beliefs by presenting information about other subjects' performance (e.g., Cason, Masters, & Sheremeta, 2010; Dreber et al., 2014; Ertac & Szentes, 2010; and Wozniak et al., 2014) , and by using real-effort tasks that are less stereotypically male (e.g., Grosse & Riener, 2010; Kamas & Preston, 2009; Shurchkov, 2012; and Wozniak et al., 2014) .
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These modifications reduce, and sometimes eliminate, the gender difference in the willingness to compete. However, it should be noted that NV chose the summation task purposefully, asserting that it should help us "understand why women are reluctant to enter competitive and male-dominated fields" (NV, 2011) .
To examine the role of risk preferences, some studies have followed the NV (2007) methodology and replicated the finding that its role is negligible (Dargnies, 2012; Healy & Pate, 2011; and Niederle et al., 2013) . Other studies have controlled for risk preferences explicitly by eliciting them with incentivized lotteries and found, in line with NV, that risk preferences do not explain the residual gender gap (e.g., Almås et al., 2014; Buser et al., 2014; Cason et al., 2010; IZ, forthcoming; Kamas & Preston, 2012; Sutter & Glätzle-Rützler (2015) , and Wozniak et al., 2014) .
The residual-gender-gap explanation not considered in NV (2007) is other-regarding preferences. This explanation is germane, as the WTA tournament is inherently less egalitarian than the PR payment scheme.
3 Most studies that manipulate the payment distribution or account for social preferences find that it does not fully explain the residual gender gap. (e.g., Almås et al., 2014; Bartling et al., 2009; Cason et al., 2010; Dohmen & Falk, 2011; Kamas & Preston, 2009; and Teyssier, 2008) . One study, however, finds that it does . Taken together, these studies by and large confirm the NV (2007) conclusion that the gender gap in willingness to compete in a summation task is a product of variant beliefs and preferences for competition.
4
In contrast to the extensive literature that tests the limits and robustness of NV (2007), we know of no study since that examines the relationship between the act of performance and the preference for Two concerns with NV's empirical evidence are as follows. First, they find a significant residual gender gap with ex ante but not ex post choices and interpret this as suggesting that the residual gender gaps are different. Rather, they have shown that there is a residual gender gap in one setting and not in the other. If the residual gender gap is not significantly larger with ex ante than ex post choices, then there is no evidence that performance is sufficient to generate a gender gap in the preference for competition.
3 NV (2007) attempted to control for other-regarding preferences by designing the experiment so that subjects choose between a WTA or PR payment scheme for their own payments without imposing their chosen payment scheme on other subjects. 4 Studies have also examined nature-versus-nurture bases for the gender gap in the willingness to compete. For example, it has been found that women are more willing than men to compete in a matrilineal society (Gneezy, Leonard, and List, 2009) , and that the residual gender gap can be related to hormone-level variation from the menstrual cycle (e.g., Buser, 2012; and Wozniak et al., forthcoming) . Sutter & Glätzle-Rützler (2015) find that the gender difference in willingness to compete is observable as early as kindergarten and persists over time. Other papers have found that institutional features-like affirmative action(e.g., and Niederle et al., 2013) or competing in groups rather than individually (e.g., Dargnies, 2012; and Healy and Pate, 2011 )-can significantly reduce the residual gender gap. 5 Of course, this is not the same as a necessity claim: the reported coefficient is negative, and it might not attain significance because of too small a sample size or the insensitivity of the willingness-to-compete measure.
Second, as discussed in NV, performance is not the only way in which ex ante and ex post choices differ.
For example, with ex post choices, one knows the outcome before choosing to compete. This may impact one's risk preferences or feedback aversion so that they are not the same as in ex ante choices. Therefore, any difference in the residual gender gap with ex ante and ex post choices may not be attributable to performance.
In this paper, we provide additional evidence regarding both the sufficiency and necessity of performance for the gender gap in the preference for competition. We attempt to demonstrate sufficiency in two ways. First, we compare the residual gender gap with ex ante and ex post choices and find that the former is significantly larger than the latter. Second, we compare subjects' willingness to compete in the tasks with and without agency and find that the residual gender gap is significantly larger in the former.
We test necessity with the residual gender gap in the task without agency and find that it is marginally significant, suggesting that performance may not be necessary for a gender gap in the preference for competition.
Experimental Design
Before presenting the experimental design, it should be noted that this experiment generated data for IZ (forthcoming) and this paper; for efficiency's sake, we designed the experiment to generate data that could be used to examine two disparate research questions. The focus of IZ (forthcoming) is validation of a new willingness-to-compete measure. IZ (forthcoming) introduces the new measure-designed to capture more information about willingness-to-compete than the binary-choice measure in NV (2007)-and examines willingness to compete in the summation task (described in section 3.2); Gneezy & Pietrasz (2013) and Petrie & Segal (2015) also develop measures designed to capture more information about willingness-to-compete than the binary-choice measure. All three studies find that the magnitude of men's willingness-to-compete is greater than women's and that the new measures are more informative than the binary-choice measure. The new willingness-to-compete measure validated in IZ (forthcoming) is utilized herein to examine a disparate research question: whether performing is necessary and sufficient to generate gender-variant preferences for competition. As such, IZ (forthcoming) does not consider the data generated from the task without agency (described in section 3.4) and restricts the sample to the 108 (of 208) subjects that completed the summation task first. Rather, this paper uses all the data.
Experimental sessions lasted approximately 90 minutes. Subjects received a minimum and average payment of $18 and $31, respectively. The experiment was programmed with the software z-Tree (Fischbacher, 2007) . NV graciously provided their program, which we modified. All instructions were read aloud by the experimenter and appear in the Appendix.
Subjects
The experiment was conducted at Santa Clara University. 208 undergraduate students (109 male, 99 female) were recruited from required core courses in an attempt to generate a sample representative of the student body. Prospective subjects were told that the session would last approximately 90 minutes and that they would be paid for participating, with a minimum and average payment of $16 and $32, respectively. All subjects filled out informed consent forms at the start of the experiment. Subjects were given a pen and scrap paper but could not use calculators.
Tasks 1 -5
This experiment builds upon NV (2007), and tasks 1 -3 were designed to exactly replicate NV's tasks 1 -3. In each of these tasks and in task 4, subjects had five minutes to sum sets of five randomly-chosen, two-digit numbers displayed horizontally across their screens (we denote tasks 1 -4 as "tasks with agency" to emphasize that subjects had the ability to perform). After an answer was submitted, the computer indicated if the answer was correct, displayed the number of correct and incorrect answers submitted so far, and presented a new problem. 6 Subjects received no information regarding the performance of other subjects.
The payment scheme for tasks 1 -4 varied. Before completing each task, subjects received detailed instructions regarding the task and payment scheme. The task-1 payment scheme was a $0.50 PR payment for each correct answer. The task-2 payment scheme was a WTA tournament. The subject with the most correct answers within their group of four received $2.00 per correct answer; other group members received no payment. Ties were settled randomly by the computer in all tasks. The instructions stated that a subject's group included the three subjects sitting in the same (front-to-back) row as the subject. The experimenter assigned subjects to seats by simply stating, "Please sit in seat 10." Seats were filled in a nonsystematic manner, except that the experimenter attempted to seat two female and two male subjects in each row. The groups' gender-balance was not discussed, however, subjects could observe it.
Of 52 groups, 44 were balanced.
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In task 3, subjects were offered a choice between the $0.50 PR and $2.00 WTA payment. The instructions stated that if subjects choose the $2.00 WTA payment then their task-3 performance would be compared to their group-mates' task-2 performances. This ensured that subjects' task-3 payment-scheme choice could not impact other subjects' task-3 payments.
6 During task 2 one subject reported that she could not submit her answer. The experimenter walked over to her computer and submitted the answer for her without incident. The subject did not report further problems. The experimenter told the subject that her payment would be adjusted if task 2 were selected for payment. Task 2 was not chosen for payment. 7 The results are robust to including a dummy variable for unbalanced groups in the analysis.
In task 4, subjects were offered the payment scheme from IZ (forthcoming) that measures the willingness to compete along a continuum. Specifically, subjects were offered a series of choices between PR payments (ranging from 0 to 100 percent of the WTA payment) and the WTA payment. The first choice was between a $0.00 PR and $2.00 WTA payment. The second was between a $0.10 PR and $2.00 WTA payment. Thereafter, the PR payment increased in $0.10 increments until it reached $2.00. All choices were presented vertically on a single screen (see Figure 1 for a screenshot). We identify subjects' willingness to compete by observing their switch point: the minimum PR payment that they prefer to a $2.00 WTA payment. Switch points represent the PR-equivalent of the $2.00 WTA payment, hereafter denoted "PR-equivalent" (see IZ (forthcoming) for a discussion of PR-equivalents).
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Task 5 used the same payment scheme as task 4. However, subjects chose the payment scheme they wanted to apply to task 1 ex post. The number of correct answers in task 1 was displayed. No information regarding other subjects' performance in task 1 was displayed.
Beliefs regarding rank in tasks 1 -4
For each of tasks 1 -4, subjects were asked to rank themselves relative to their group-mates in terms of the number of correct answers they submitted. Subjects were informed that they would be paid $1 for each correct ranking.
Tasks 6 -10
Tasks 6 -10 were designed to replicate tasks 1 -5, except the summation task was replaced with a task in which subjects had no agency. Specifically, subjects were informed that their computer would randomly generate numbers between one and four; that this was equivalent to their computer rolling a virtual, foursided die; that their computer would roll the virtual die 20 times and display each roll for approximately ten seconds before displaying the next roll; that each roll was independent of all other rolls, so their rolls would not be the same as other subjects' rolls. Tasks 1 -4 were entirely automated. The experimenter started the tasks, and subjects could not control or alter the trajectory of the tasks in anyway. There was no "start," "continue," or "end" button. Thus, subjects could take no actions. Rolling a 4 in the task without agency was equivalent to correctly answering a summation in the task with agency; subjects were not told this analogy. After each roll, the computer indicated if the roll was a 4 (or not) and displayed the count of rolls that were 4s (and not 4) so far. Subjects received no information regarding other subjects' rolls (see Figure 2 for a screenshot).
The payments for tasks 6 -9 were analogous to tasks 1 -4. Task 10 was analogous to task 5, with subjects making choices regarding the payment scheme for task 6 ex post. The number of 4s rolled in task 6 was displayed, but no information regarding other subjects' rolls in task 6 was displayed. Lastly, 100 of the 208 subjects completed tasks 6 -10 first, and tasks 1 -5 second, enabling us to control for order effects in the regression analysis. 
Beliefs regarding rank in tasks 6 -9
Subjects were asked to rank themselves relative to their group-mates in terms of the number of 4s rolled in tasks 6 -9: 1 st best, 2 nd best, 3 rd best, or 4 th best. Subjects were informed they would be paid $1 for each correct ranking.
Task 11
Task 11 was a risk-preference measure in which subjects chose between a series of fixed payments, ranging from $0.00 to $10.00, and a lottery with even odds of getting either $10 or $0. All choices were presented vertically on a single screen. The first choice was between a $0.00 fixed payment and the lottery. The second was between a $1.00 fixed payment and the lottery. Thereafter, the fixed payment increased in $1.00 increments until it reached $10.00.
Exiting the Session
Subjects completed a questionnaire that included questions regarding demographic characteristics. Then subjects received their payments, which included a $5.00 show-up fee; $11.00 for completing all tasks; $1 for each correct ranking in tasks 1 -4 and 6 -9; and payment based on two tasks that were determined randomly at the end of the session using a bingo spinner. If tasks 4, 5, 9, or 10 were chosen, a PR payment was randomly chosen to be paid using the bingo spinner. If task 11 was chosen, a fixed payment was randomly chosen and the lottery was implemented using the bingo spinner. Subjects were paid in cash. The payments were placed in envelopes with only the subject's identification number on it. Subjects received their payment envelopes as they exited the session.
Results

Our task 3 replicates task 3 in NV (2007) and IZ (forthcoming)
. We find that men are more willing to compete than women in the summation task after controlling for performance, beliefs, and risk preferences. This residual gender difference is interpreted as indicating that men have a stronger preference for competition than women.
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Also as in IZ (forthcoming), the residual gender gap is 9 During the experiment, tasks 1 -5 and 6 -10 were referred to as tasks 1s -5s and 1r -5r, respectively. 10 Men and women average 10.8 and 10.6 correct answers (p = 0.72, Fisher's exact test: p = 0.84) (see Table 1 ). 57 and 37 percent of men and women (p = 0.01) choose the $2.00 WTA over $0.50 PR payment. We regress subjects' choice ($0.50 PR or $2.00 WTA payment) on gender, task-2 performance, task-1-to-2 performance improvement, task-2 self-rank, the lottery certainty equivalent, and a task-order dummy. The coefficient on female is negative and significant (probit marginal effect = -0.18, p = 0.02).
significant using the task-4 PR-equivalents. 11 We use PR-equivalents as the primary measure of willingness to compete, hereafter, as PR-equivalents provide more information regarding subjects' willingness to compete than the binary-choice measure in tasks 3 and 8.
To show that performing in a competitive environment generates an increase in the gender difference in the preference for competition, we first compare the residual gender gap with ex ante and ex post choices (this test was not conducted in NV (2007), where, instead, the two residual gender gaps were individually compared to zero). We regress subjects' task-4 (5) PR-equivalent on gender, task-3 (1) performance, task-2-to-3 performance improvement, task-3 (1) self-rank, the lottery certainty equivalent, and a task-order dummy. The task-4 and -5 coefficients on female are b = -0.28 (p = 0.00) and b = -0.10 (p = 0.11). A Wald test of the equality of the task-4 and -5 coefficients on female, using seemingly unrelated estimation clustering by subject, yields that they are significantly different (chi2(1) = 6.82, p = 0.01); this indicates that the gender difference in the preference for competition is greater with ex ante than ex post choices in the task with agency. As discussed above this is only suggestive of sufficiency, as subsequent performance is not the only difference between ex ante and ex post choices.
We provide additional evidence of sufficiency by comparing the willingness to compete in the tasks with and without agency. For ease of exposition, though, we first present the results of the task without agency, and in so doing, address the necessity claim (that there is a residual gender gap in the task without agency).
The distribution of task-9 PR-equivalents is illustrated in Figure 4 . The mean PR-equivalent is Finally, while only eight percent of men have a PR-equivalent less than $0.50, 23 percent of women do.
In contrast, 21 percent of men and nine percent of women have a PR-equivalent greater than $1.00. In summary, men appear more willing to compete than women in the task without agency
To examine whether this gender difference is related to prior outcomes, beliefs, or risk preferences, we first explore if there are gender differences in these covariates, and then we estimate the residual gender difference in the willingness to compete. There is no gender difference in outcome and self-rank across tasks 6 -9. The mean number of 4s is 5.0 for men and 4.9 for women (p = 0.58), and the mean self-rank (1 st , 2 nd , 3 rd , or 4 th best) is 2.4 for both men and women (p = 0.77) (see Table 1 ). Finally, men are less risk averse than women (mean lottery certainty equivalent: $5.20 and $4.70, p = 0.03).
That men and women reported the same self-rank in the task without agency diverges sharply with the task with agency. Men are more confident than women in the task with agency (mean self-rank:
1.9 and 2.3, p = 0.00), even though men and women perform equally well across tasks 1 -4 (mean correct answers: 10.2 and 10.0, p = 0.72) (see Table 1 ). In other words, compared to the task with agency, the task without agency eliminated performance de jure and also eliminated the gender gap in overconfidence de facto. NV cite gender differences in overconfidence and preferences for performing in a competitive environment as the primary drivers of the gender gap in willingness to compete. Both have been eliminated in the task without agency. Given the minimal role that differences in risk preferences and feedback aversion have been shown to play in explaining the gender gap in willingness to compete, it is perhaps surprising that there is any gender difference in the task without agency.
To test necessity, we regress task-9 PR-equivalents on gender, task-8 outcome, task-7 to -8 improvement in outcome, task-8 self-rank, the lottery certainty equivalent, and a task-order dummy. The residual gender difference is negative and marginally significant (b = -0.10, p = 0.07) (see Column 1 of Table 2 ). This suggests that men may have a stronger preference for competition than women in the task without agency. This is true even when controlling for risk preferences, the only determinant in NV's theoretical model for which we observe a gender gap. Column 2 of Table 2 replicates the analysis of Column 1, excluding the lottery certainty equivalent; the residual gender gap is negative and significant (b = -0.16, p = 0.01) when measured risk preferences are not controlled for. Risk preferences, as measured by the certainty equivalent, account for approximately 38 percent (= 1 -(-0.10/-0.16)) of the gender gap reported in Column 2. The residual gender gap (reported in Column 1) is noteworthy, as task 9 was carefully designed to be performance-free and also happened to equalize overconfidence. Thus, performing-and gender-variant thrills or anxieties about performing in a competitive environment-may not be necessary to observe gender-variant preferences for competition. The residual gender gap may be driven by aspects of the competitive environment other than performing in it-for example, simply having a stake in a competitive process. Lastly, it appears that a gender gap in overconfidence is not necessary to observe gender-variant preferences for competition.
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12 One could seek further evidence of necessity by testing the significance of the residual gender difference with ex post choices in either task, as there is no subsequent performance with ex post choices. In separate regressions of task-5 and -10 PR-equivalents on gender, outcome, outcome improvement, the lottery certainty equivalent, selfrank, and a task-order dummy, the residual gender differences are negative and insignificant (b = -0.10, p = 0.104, and b = -0.08, p = 0.14, respectively) (see Column 2 of Table 3 ). Recall that the task-9 residual gender difference is similar in magnitude (b = -0.10, p = 0.07). The task-5 and -9 residual gender differences are jointly marginally significant (p = 0.09) and the task-5, -9, and 10 residual gender differences are similar in magnitude and statistically indistinguishable. Together, this evidence might suggest that these residual gender differences-all in the absence
Returning to the claim of sufficiency, to examine whether performance generates a gender difference in both the willingness to compete and preference for competition, we compare subjects' PRequivalents in the tasks with and without agency. First, we separately regress task-4 and -9 PRequivalents on gender and a task-order dummy and perform a Wald test of the equality of the task-4 and -9 coefficients on female using a seemingly unrelated estimation clustering by subject (see Table 4 ).
Second, we repeat the analysis with the residual gender gap (adding controls for outcome, improvement in outcome, self-rank, and the lottery certainty equivalent) (see Table 5 ). In Table 4 , the task-4 and -9 coefficients on female are negative and significant (b = -0.37, p = 0.00, and b = -0.15, p = 0.01),
indicating that men are more willing to compete than women in both tasks. Further, and speaking to sufficiency, the coefficients are not equal (chi2(1) = 7.23, p = 0.01), suggesting that performance generates gender-variant willingness to compete. In Table 5 , the task-4 and -9 coefficients on female are negative and at least marginally significant (b = -0.28, p = 0.00, and b = -0.10, p = 0.07, respectively),
suggesting that men have a stronger preference for competition than women in both tasks. Again speaking to sufficiency, the coefficients are not equal (chi2(1) = 5.00, p = 0.03), suggesting that performance generates gender-variant preference for competition.
Discussion
We provide evidence that performing in a competitive environment is sufficient, but might not be necessary, to observe a gender difference in the preference for competition. Our findings vis-a-vis sufficiency suggest that performance, and the thrills and anxieties it generates, impact the preference for competition, and that the well-established gender-gap in willingness to compete cannot be eliminated by correcting individuals' beliefs, alone. Our findings vis-a-vis necessity suggest that the elimination of performance-for example, by routinizing tasks-may not eliminate the gender gap in the preference for competition, and that this gender gap must have other determinants. Below, we will discuss sufficiency and necessity, in turn.
We utilize a more sensitive willingness-to-compete measure, as developed in IZ (forthcoming), to establish that the gender gap in the preference for competition is stronger with ex ante than ex post choices. This suggests that subsequent performance generates a gender gap in preference for competition, but this evidence is inadequate to establish sufficiency because of other possible differences between ex ante and ex post choices.
of subsequent performance-fall short of significance because of a lack of power and not because they are equal to zero.
Therefore we create a novel task without agency and find that gender differences in willingness to compete and the preference for competition are greater in the task with than without agency. The task without agency is designed to retain the numerical nature of NV's summation task, but to eliminate performance (decision-making and actions). Further, the task without agency was designed to minimize any illusion of control, whereby subjects might think that their actions influence random outcomes. For example, subjects cannot take even meaningless actions, such as, clicking an on-screen "button" to reveal a pre-determined number. That self-rank in the task without agency was well-calibrated for both men and women-both guessed self-rank of 2.4 on average (the expected rank is 2.5)-suggests that illusion of control was indeed minimized.
The two residual-gender-gap comparisons (between ex ante and ex post choices and between tasks with and without agency) that we use to establish sufficiency each have their pros and cons. In the comparison of ex ante and ex post choices, the task is held constant, but there is variation in information about the task outcome and feelings about the competitive environment (feelings unrelated to subsequent performance-for example, preference for the chance to win over others or aversion to the chance of losing to others). In contrast, in the comparison of tasks with and without agency, the task varies, but information about the task outcome and feelings about the competitive environment are similar.
We have suggestive evidence that the competitive environment varies with ex ante and ex post choices. Comparing the coefficients on the controls from the regressions with ex ante and ex post choices for both tasks, one finds significant differences (see Table 6 ). For example, in the task with agency, the coefficients on outcome improvement and self-rank are both at least marginally different. In contrast, comparing the coefficients on the controls from the regressions with ex ante choices for both tasks, there are no significant differences. We also have suggestive evidence that varying the tasks varies more than just the ability to perform. For example, the de facto elimination of gender differences in self-rank in the task without agency means that performance and gender-variant overconfidence are together sufficient for gender-variant preferences for competition. That said, we control for self-rank in the comparison of the tasks with and without agency, so only unobserved overconfidence would confound our result.
While both the ex ante/ex post and with/without agency comparisons have their weaknesses, taken together, they provide solid evidence of sufficiency. Any alternate explanation arising from a weakness of one comparison is unlikely to explain the result vis-a-vis the other. For example, the residual gender difference may be greater in the task with than without agency because men have a stronger preference than women for "deserved" than "undeserved" winning. However, "deservedness" would presumably be similar with ex ante and ex post choices in the task with agency.
We now turn to a discussion of the necessity claim. In the task without agency, we find a significant unconditional gender difference and a marginally significant (p = 0.07) residual gender difference (controlling for outcome, beliefs, and risk preferences). Recall, men are not more confident than women in the task without agency, so the result cannot be driven by gender differences in overconfidence. The unconditional result is perhaps unsurprising, as previous research has shown that men are more risk-loving than women. The residual gender difference, however, explicitly controls for measured risk preferences, yet there is still evidence of a gender difference. Two other potential explanations do not appear plausible either: feedback aversion and other-regarding preferences. Each are present with ex post choices in both tasks; and the residual gender differences are similar in magnitude and statistically indistinguishable.
Given the above and, again, that the task without agency eliminates performance de jure and overconfidence de facto, what might be driving gender differences in the preference for competition in the task without agency? Three plausible explanations emerge. First, risk preferences may not be fully measured by the instrument utilitzed. Consequently, a gender difference in unmeasured risk preferences could be responsible for the residual gender gap in the preference for competition with ex ante choices in the task without agency. 13 Second, there may be heretofore unidentified determinants of the preference for competition. For example, as mentioned above, men may prefer being subject to payment schemes that are based on social comparison or in which there is a chance to win over others. Lastly, men may prefer such payment schemes per se, even when the payment scheme is applied to others and not themselves.
13 It is also important to consider how willingness to compete in the task without agency differs from risk preferences. First, in our experiment, subjects are informed that they are competing head-to-head against three group-mates in the task without agency and that they will receive the WTA payment only if their outcome is greater than their group-mates' outcomes. Second, the subject is the object of his or her own risk-taking as opposed to the object being a general, non-personalized random event. In other words, each subject is both the subject and object of competition, which is different from, for example, betting on a sports game or lottery. 
